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 Abstract    
Objectives: IVF-ICSI procedures are accompanied by a continuous search for predictors of ART outcome. The 
properties of zona pellucida (ZP) have been believed to reﬂect the history of oocyte cytoplasmic maturation. The 
meiotic spindle (MS) is crucial for chromosomal alignment and proper separation of the maternal chromosomes. 
There is data suggesting that birefringent ZP and MS can clinically predict the oocyte quality and developmental 
potential of an embryo. 
The aim of the study was to examine the possible eﬀect of ZP birefringent properties and MS visualization and 
localization as valuable predictors of IVF-ICSI eﬀectiveness. 
Material and methods: The prospective study was performed during a 16-month period. A total of 51 patients 
undergoing in vitro fertilization - embryo transfer (IVF-ET) treatment procedure with intracytoplasmic sperm injection 
(ICSI) were included. Controlled ovarian hyperstimulation (COH) was done using either a long n=32 (62.75%) 
or an antagonist protocol n=19. In the group of the 48 examined patients (aged 25-40), 46 ET were performed, 
resulting in 24 positive pregnancy tests and 19 (39.59%) clinical pregnancies. Oocytes were examined as follows: 
ZP birefringence autoscoring (OCTAX PolarAIDE), numeral autoscoring, thickness and clinical evaluation; MS 
visualization, if MS was visualized, localization of MS in relation to the polar body (PB). 
Results: On day 3, 64.3% of the embryos were of good and 40.3% were of top quality. Visible diﬀerences, not 
statistically signiﬁcant, were observed in the numeral score of ZP between oocytes selected and non-selected for 
ET. In cases when embryos were not of good or top quality, ZP score was higher (p=0.005 p=0.001). ZP manual 
evaluation indicated signiﬁcantly stronger birefringence when pregnancy was not achieved (p=0.022). The rate of 
MS positive oocytes was the highest in the group with pregnancy, but it did not reach statistical signiﬁcance (p= 
0.471). The MS localization in relation to the PB was in most oocytes very close (<45o) in 70.9% and not diﬀerent 
in the studied groups. 
Conclusions: Unexpected polarization microscopy imaging and rating of ZP and MS cannot be a direct predictor 
of the IVF outcome.
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 Streszczenie    
Cel: Stosując w leczeniu niepłodności procedury IVF-ICSI wciąż poszukujemy klinicznych predyktorów 
skuteczności terapii. Ustalono, że właściwości osłony przejrzystej (ZP) mogą odzwierciedlać historię dojrzewania 
cytoplazmatycznego oocytu, natomiast wrzeciono kariokinetyczne (MS) ma kluczowe znaczenie dla prawidłowego, 
równikowego ustawienia i separacji chromosomów matczynych. Dane literaturowe sugerują, że dwójłomność ZP i 
MS może stanowić czynnik korelujący z jakością oocytu i potencjałem rozwojowym zarodka. Celem badania była 
ocena wartości predykcyjnej obrazowania w świetle spolaryzowanym ZP i MS w prognozowaniu skuteczności 
leczenia IVF-ICSI.
Materiał i metody: W ciągu 16 miesięcy przeprowadzono badanie prospektywne obejmujące 51 pacjentek 
poddanych zapłodnieniu pozaustrojowemu z docytoplazmatyczną iniekcją plemnika. Kontrolowaną stymulację 
jajników przeprowadzono przy użyciu długiego protokołu u 32( 62,75%) lub z antagonistą u 19 pacjentek. U 48 
ostatecznie badanych pacjentek wykonano 46 transferów zarodków (ET) uzyskując 24 pozytywne testy ciążowe. 
Oceniono następujące parametry oocytów: automatyczny i numeryczny pomiar dwójłomności, szerokość ZP ( 
program PolarAIDE OCTAX), ocena manualna dwójłomności ZP, wizualizacja MS, lokalizacja MS w stosunku do 
ciałka kierunkowego (PB).
Wyniki: Stwierdzono różnice w numerycznej ocenie dwójłomności ZP między grupami oocytów zakwaliﬁkowanych 
i nie do transferu zarodka, nie stwierdzono jednak istotności statystycznej zmian. Manualna kategoryzacja ZP 
wykazała, znacznie silniejszą dwójłomność w grupach, w których nie uzyskano ciąży (p=0,022). Wizualizacja MS 
była najwyższa w grupie w której uzyskano ciąże, ale nie wykazano istotności statystycznej (p=0,471). Lokalizacja 
MS w stosunku do PB w większości oocytów zawarła się w 45o (70,9%) i nie różniła się w poszczególnych grupach.
Wnioski: Ocena dwójłomności ZP i MS nie może być bezpośrednim czynnikiem predykcyjnym skuteczności 
leczenia metodą IVF-ICSI.
 Słowa kluczowe: osáonna przeMrzysta / wrzeciono kariokinetyczne / komyrka MaMowa / 
      / dwyMáomnoĞü / czynnik predykcyMny / wynik IVF-ET /
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1RFDVHV RI WHVWLFXODU VSHUP H[WUDFWLRQ SURFHGXUHV VHYHUH
HQGRPHWULRVLV SRO\F\VWLF RYDU\ V\QGURPH RU SDWLHQWV GHHPHG
µSRRU UHVSRQGHU¶ LQSDVWSURWRFROVRIRYDULDQ VWLPXODWLRQZHUH




RQ WKH ODVWGD\RI WKHVWLPXODWLRQZDV21213SJP/
QXPEHU RI RRF\WH FXPXOXV SHU F\FOH 2 0,, RRF\WH
UHWULHYHG SHU SXQFWXUH 133 ,Q RUGHU WR FROOHFW RRF\WHV
FRQWUROOHGRYDULDQK\SHUVWLPXODWLRQZDVGRQHXVLQJHLWKHUDORQJ




IROOLWURSLQ DOID IRU LQMHFWLRQ WKH UHFRPELQDQW IRUP RI KXPDQ 
IROOLFOH VWLPXODWLQJ KRUPRQH )6+ 0HUFN 6HURQR (XURSH /WG 
1 GD\V DIWHU 'LSKHUHOLQH 65 ,Q WKH *Q5+DQWDJRQLVW SURWRFRO 
)6+ ZDV VWDUWHG RQ GD\ 2 RI WKH F\FOH ,Q DGGLWLRQ D *Q5+
DQWDJRQLVW 2UJDOXWUDQ 2UJDQRQ ZDV DGPLQLVWHUHG DIWHU ± 
GD\V RI WKH VWLPXODWLRQ GHSHQGLQJ RQ WKH SUHVHQFH RI D 12 WR 13
PP IROOLFOH RQ XOWUDVRXQG 2YXODWLRQ ZDV LQGXFHG ZLWK KXPDQ 
FKRULRQLF JRQDGRWURSLQ 1 ,8 K&* 3UHJQ\O 2UJDQRQ RU 
&KRUDJRQ )HUULQJ 3KDUPDFHXWLFDOV /WG LQ DOO SDWLHQWV 2RF\WH 
UHWULHYDO ZDV GRQH E\ WKH WUDQVYDJLQDO XOWUDVRXQGJXLGHG PHWKRG 
3 KRXUV DIWHU K&* DGPLQLVWUDWLRQ
7KH FXPXOXV FRPSOH[ ZDV ÀXVKHG LQ D PHGLXP KHDWHG 
XS WR 3& LQ DPELHQW DWPRVSKHUH VXSSOHPHQWHG ZLWK +6$ 
*0236 9LWUROLIH 6ZHGHQ $OO PHGLD XVHG LQ HPEU\R FXOWXUH 
ZHUH HTXLOLEUDWHG DW 3& DQG  &22 DWPRVSKHUH $IWHU D 23 
KRXU LQFXEDWLRQ WLPH RRF\WHV GHQXGDWLRQ ZDV SHUIRUPHG E\ 
HQ]\PDWLF GLJHVWLRQ RI WKH FXPXOXV FRPSOH[ XVLQJ K\DOXURQLGDVH 
 ,8P/ 6DJH ,Q9LWUR )HUWLOL]DWLRQ 86$ 'HQXGHG RRF\WHV 
ZHUH SODFHG LQ *0236 EHIRUH ,QWUDF\WRSODVPLF 6SHUP 
,QMHFWLRQ ,&6, 7KH WHFKQLFDO VHWXS IRU ]RQD LPDJLQJ RI 
LQGLYLGXDO JDPHWHV UHVHPEOHG WKH RQH SXEOLVKHG E\ 0RQWDJ HW 
DO >3 @ ,QGLYLGXDO PHDVXULQJ ZDV GRQH QRQLQYDVLYHO\ ZLWK DQ 
2O\PSXV ,;1 LQYHUWHG PLFURVFRSH 2O\PSXV 9LHQQD $XVWULD 
HTXLSSHG ZLWK 1 2 DQG  +RIIPDQQ LQWHUIHUHQFH RSWLFV 
D FLUFXODU SRODUL]DWLRQ ¿OWHU DQG OLTXLG FU\VWDO DQDO\]HU RSWLFV 
7KH ELUHIULQJHQFH DQDO\VLV LQFOXGLQJ DXWRFDOLEUDWLRQ ZDV IXOO\ 
FRQWUROOHG E\ D SRODUL]DWLRQ LPDJLQJ VRIWZDUH PRGXOH 2&7$; 
3RODU $LGH 2&7$; 0LFURVFLHQFH *PE+ $OWGRUI *HUPDQ\ 
LPSOHPHQWHG LQ DQ LPDJLQJ VRIWZDUH V\VWHP 2&7$; (\HZDUH 
22 FXPXOXV RRSKRUXV ZHUH VHOHFWHG IRU WKH H[DPLQDWLRQ EXW 
31 ZHUH VXEVHTXHQWO\ H[FOXGHG IURP WKH VWXG\ GXH WR LQDGHTXDWH 
RRF\WH PDWXUDWLRQ VWDJH 7KH UHPDLQLQJ 1 RRF\WHV ZHUH 
H[DPLQHG DV IROORZV
±  =3 ELUHIULQJHQFH ZDV HYDOXDWHG RQ D VWHS VFDOH SRLQWV 
123 )LJXUH 1
±  =3 DXWRVFRULQJ 2&7$; 3RODU$,'( V\VWHP ZDV 
SHUIRUPHG RQ D 3VWHS VFDOH SRLQWV 12 )LJXUH 2 
±  =3 QXPHUDO DXWR VFRULQJ 2&7$; 3RODU$,'( V\VWHP 
±  06 YLVXDOL]DWLRQ RU ODFN RI YLVXDOL]DWLRQ WZR JURXSV 
ZHUH HVWDEOLVKHG VSLQGOH GHWHFWHG 6S' VXEFDWHJRU\ DQG 
VSLQGOH QRQGHWHFWHG 6S1' VXEFDWHJRU\ )LJXUH 3 
±  ZKHQ YLVXDOL]HG 06 ORFDOL]DWLRQ LQ UHODWLRQ WR WKH 3% 
VWHS VFDOH 1 2 3  )LJXUH 
1  $Q RRF\WH ZLWK D VSLQGOH IRUPLQJ DW OHVV WKDQ 3 3 
WR 3%
2  $Q RRF\WH ZLWK D VSLQGOH IRUPLQJ DW 3 3  
WR 3%
3  $Q RRF\WH ZLWK D VSLQGOH IRUPLQJ DW 12  
12 WR 3%
  $Q RRF\WH ZLWK D VSLQGOH IRUPLQJ DW PRUH WKDQ 12 
12 WR 3%
$IWHUZDUGV WKH RRF\WHV ZHUH GLYLGHG LQWR 3 JURXSV
±  *URXS 1 *U 1 (PEU\RV VHOHFWHG IRU WUDQVIHU DQG 
RXWFRPH ± GD\ 1 DIWHU (7 SRVLWLYH SUHJQDQF\ WHVW 
±  *URXS 2 *U 2 (PEU\RV VHOHFWHG IRU WUDQVIHU DQG 
RXWFRPH ± GD\ 1 DIWHU (7 QHJDWLYH SUHJQDQF\ WHVW 
±  *URXS 3 *U 3 (PEU\RV QRW VHOHFWHG IRU WUDQVIHU
2ZLQJ WR WKH IDFW WKDW PRVW RRF\WHV VWHS VFDOH 12 
KDG D VSLQGOH ORFDWHG LQ D SRVLWLRQ FORVH WR WKH ¿UVW SRODU ERG\ 
  WKH ,&6, ZDV FRQGXFWHG DIWHU WKH RRF\WHV ZHUH 
URWDWHG WR SODFH WKH ¿UVW SRODU ERG\ DW  UHODWLYH WR WKH LQMHFWLRQ 
QHHGOH ,&6, LQ WKH 6S1' RRF\WH JURXS ZDV DOVR SHUIRUPHG LQ 
WKDW PDQQHU ,Q RRF\WHV ZLWK VSLQGOHV ORFDWHG LQ RWKHU SRVLWLRQV
DQRWKHU SRVLWLRQ WKH ,&6, ZDV SHUIRUPHG DIWHU WKH RRF\WHV ZHUH 
URWDWHG VR WKDW WKH LQMHFWLRQ QHHGOH DYRLGHG WKH VSLQGOHV
)RU WKH VWDWLVWLFDO DQDO\VLV FKLVTXDUH WHVW RI LQGHSHQ
GHQFH ZDV XVHG WR H[DPLQH WKH UHODWLRQVKLS EHWZHHQ TXDOLWD
WLYH DWWULEXWHV 7KH QRUPDOLW\ RI WKH GLVWULEXWLRQ RI TXDQWLWD
WLYH IHDWXUHV ZDV YHUL¿HG XVLQJ WKH 6KDSLUR:LON WHVW DQG 
.ROPRJRURY6PLUQRY WHVW ZLWK WKH /LOOLHIRUV FRUUHFWLRQ 
7KHUH ZDV QR QRUPDO GLVWULEXWLRQ RI WKH DQDO\]HG YDULDEOHV 
&RPSDULQJ WKH TXDQWLWDWLYH YDULDEOHV ZLWKRXW QRUPDO GLVWULEX
WLRQ WKH 0DQQ:KLWQH\ 8 WHVW ZDV XVHG WR FRPSDUH GLIIHUHQFHV 
EHWZHHQ WZR LQGHSHQGHQW JURXSV DQG QRQSDUDPHWULF $129$ 
.UXVNDO:DOOLV UDQN WHVW ZLWK SRVWKRF PXOWLSOH FRPSDULVRQV RI 
PHDQ UDQNV ZDV XVHG WR FRPSDUH WKH GLIIHUHQFHV EHWZHHQ PRUH 
WKDQ WZR LQGHSHQGHQW JURXSV 7KH 6SHDUPDQ
V UDQNRUGHU FRU
UHODWLRQ WHVW ZDV XVHG WR LGHQWLI\ FRUUHODWLRQV EHWZHHQ TXDQWLWD
WLYH YDULDEOHV 5HVXOWV ZHUH FRQVLGHUHG VWDWLVWLFDOO\ VLJQL¿FDQW 
DW S 7KH FDOFXODWLRQV ZHUH EDVHG RQ WKH SDFNDJH 6WDWLVWLFD 
1 6WDW6RIW  DQG 3$6: 6WDWLVWLFV 1 3UHGLFWLYH 6ROXWLRQV
Results
Table  I .   Visualization of meiotic spindle in oocytes from the three studied groups.
 Group 1. Embryos selected for transfer and outcome - day 14 after ET: 
 positive pregnancy test, 
 Group 2. Embryos selected for transfer and outcome- day 14 after ET: 
 negative pregnancy test, 
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$ WRWDO RI 3 RRF\WHV FRQVWLWXWHG *URXS 1 ZKHUH 21 WUDQVIHUV 
ZHUH GRQH 1 (7 ZLWK 2 HPEU\RV DQG  ZLWK RQO\ 1 HPEU\R SHU 
WUDQVIHU
*URXS 2 LQYROYHG 2 RYDULDQ FHOOV 2 (7V ZHUH GRQH  ZLWK 
2 HPEU\RV DQG 11 ZLWK 1 HPEU\R SHU WUDQVIHU 
7KH 133 QRQVHOHFWHG IRU (7 RRF\WHV DFFRXQWHG IRU *URXS 3
2Q GD\ 1 IHUWLOL]DWLRQ UDWH ZDV 1 11 2Q GD\ 
3  11 RI WKH ]\JRWHV RI WKH IHUWLOL]HG JDPHWHV KDG 
FOHDYHG 3 1 RI WKH HPEU\RV ZHUH RI JRRG TXDOLW\ 
1 IUDJPHQWDWLRQ DQG  PRQRQXFOHDWH EODVWRPHUV 
 313 3 232 DQG   LQ *URXSV 1 
2 3 UHVSHFWLYHO\ S1 $PRQJ WKHP 3 21 RI 
WKH HPEU\RV ZHUH RI WRS TXDOLW\ 1 IUDJPHQWDWLRQ DQG  
PRQRQXFOHDWH HTXDOVL]HG DQG UHJXODU EODVWRPHUV 2 223 
 12 DQG RQO\ 2 23 LQ WKH VWXGLHG JURXSV 
UHVSHFWLYHO\ S1 >3 1@
,Q D JURXS RI WKH  H[DPLQHG SDWLHQWV  (7 ZHUH GRQH 
 RQ GD\ 3 ZLWK 1 SHUIRUPHG ZLWK WKH XVH RI WKH H[DPLQHG 
HPEU\RV 1 DQG 13 UHVSHFWLYHO\ 1 GD\V DIWHU (7 2 
SRVLWLYH VHUXP SUHJQDQF\ WHVWV ZHUH REWDLQHG  21 DIWHU 
WUDQVIHU RI WKH VWXGLHG RRF\WHV 3 7KH LPSODQWDWLRQ UDWH 
ZDV 3 23 KRZHYHU 2 PLVFDUULDJHV UHGXFHG FOLQLFDO 
SUHJQDQF\ UDWH WR 3 1 %ODVWRF\VW FXOWXUHV ZHUH 
FRQWLQXHG XQWLO GD\  DQG EODVWRF\VWV ZHUH DFKLHYHG LQ 2 RI 
FDVHV DQG WKHQ YLWUL¿HG 
'etermination oI tKe zona pellucida EireIrinJence
1XPHUDO VFRUH RI =3 ELUHIULQJHQFH DFFRXQWHG DV IROORZV 
*U1 333 PHGLDQ 31 *U2 331 PHGLDQ  
*U3 223 PHGLDQ  $OWKRXJK WKHUH ZHUH YLVLEOH 
GLIIHUHQFHV EHWZHHQ JURXSV 1 DQG 3 WKH\ GLG QRW UHDFK VWDWLVWLFDO 
VLJQL¿FDQFH S  $129$ UDQN .UXVNDO:DOOLV WHVW )LJXUH 
 1R FRUUHODWLRQ EHWZHHQ SDWLHQW DJH DQG QXPHUDO =3 VFRUH 
ZDV REVHUYHG S  1 6SHDUPDQ
V UDQNRUGHU FRUUHODWLRQ WHVW 
ZKLOH ZHDN QHJDWLYH FRUUHODWLRQ ZLWK %0, S  2 5 22 
6SHDUPDQ
V UDQNRUGHU FRUUHODWLRQ WHVW ZDV GHWHFWHG %RWK JRRG 
133 PHGLDQ 3 DQG WRS TXDOLW\ 33 PHGLDQ 2 
HPEU\RV RQ GD\ 3 LQGLFDWHG ORZHU =3 ELUHIULQJHQFH VFRUH WKDQ WKH 
UHPDLQLQJ HPEU\RV RQ GD\ 3 2 PHGLDQ 3 3 
PHGLDQ 1 UHVSHFWLYHO\ S  S 1 UHVSHFWLYHO\ 
0DQQ:KLWQH\ 8 WHVW
$XWRVFRUHV REWDLQHG LQ DOO WKUHH JURXSV 7DEOH ,9 ZHUH 
QHDUO\ LGHQWLFDO 1R GLIIHUHQFHV RI VWDWLVWLFDOO\ LPSRUWDQFH ZHUH 
REVHUYHG EHWZHHQ WKH WKUHH VWXGLHG JURXSV S  3HDUVRQ 
&KLTXDGUDW WHVW EHWZHHQ HPEU\RV RI WKH JRRG RU WRS TXDOLW\ 
FRPSDUHG WR WKH UHVW HPEU\RV RI SRRU TXDOLW\ RQ GD\ 3 S  
S 2  DQG ZKHQ FRPSDUHG WR DJH DQG %0, S  2 S   
DFFRUGLQJO\ $129$ UDQN .UXVNDO:DOOLV WHVW
)LQDOO\ QR HIIHFW RI =3 ELUHIULQJHQFH VWDWXV RI ERWK 
DXWRPDWLFDOO\ VSHFL¿HG XVLQJ 2&7$; 3RODU$,'( V\VWHP 
QXPHUDO VFRUH RU DXWRVFRUH RQ HPEU\R VHOHFWLRQ IRU (7 DQG WKH 
IROORZLQJ LPSODQWDWLRQ ZDV REVHUYHG
0RUH FRPSUHKHQVLYH HYDOXDWLRQ RI =3 ELUHIULQJHQFH VWDWXV 
XVLQJ D VWHS VFDOH )LJXUH 1 LQGLFDWHG VLJQL¿FDQW GLIIHUHQFHV 
EHWZHHQ WKH VWXGLHG RRF\WHV ,Q JURXS 1 WKH SHUFHQWDJH 
GLVWULEXWLRQ ZDV DV IROORZV 13 33 2 DQG 31 
UHVSHFWLYHO\ WR SRLQWV 1 2 3 DQG  RQ D VWHS VFDOH ,Q JURXSV 
2 DQG 3 =3 ELUHIULQJHQFH ZDV VLJQL¿FDQWO\ VWURQJHU DQG PRUH 
WKDQ  RI WKH RRF\WHV WXUQHG RXW WR EH DW 3 DQG  VWHS RI 
WKH VFDOH 2 DQG 2 DFFRUGLQJO\ S 22 3HDUVRQ &KL
TXDGUDW WHVW 7DEOH ,,, 6LPLODU GLUHFWLRQ RI FKDQJHV ZDV IRXQG 
ZKHQ JRRG DQG WRS TXDOLW\ HPEU\RV ZHUH DQDO\]HG  RI WKH 
JRRG TXDOLW\ HPEU\RV DQG RQO\  RI WKH WRS TXDOLW\ HPEU\RV 
GHPRQVWUDWHG VWURQJ =3 ELUHIULQJHQFH LQ FRPSDULVRQ WR WKH UHVW RI 
WKH HPEU\RV RQ GD\ 3 1 DQG 1 UHVSHFWLYHO\ S  
S 2 UHVSHFWLYHO\ 3HDUVRQ &KLTXDGUDW WHVW 1R GLIIHUHQFHV LQ 
=3 ELUHIULQJHQFH VWDWXV ZHUH REVHUYHG LQ UHODWLRQ WR SDWLHQW DJH 
DQG %0,  S  S 122 UHVSHFWLYHO\ $129$ UDQN .UXVNDO
:DOOLV WHVW
Meiotic spindle evaluation 
2XW RI WKH 1 HYDOXDWHG RRF\WHV ELUHIULQJHQW VSLQGOHV ZHUH 
GHWHFWHG LQ 123 2 6S' VXEJURXS DQG ZHUH QRW YLVXDOL]HG 
LQ  3 6S1' VXEJURXS )LJXUH 2 RI FDVHV 1R GLIIHUHQFHV 
ZHUH REVHUYHG LQ UHODWLRQ WR SDWLHQW DJH DQG %0,  S   DQG 
S  22 UHVSHFWLYHO\ 0DQQ:KLWQH\ 8 WHVW
7KH UDWH RI 6S' ZDV WKH KLJKHVW LQ JURXS 1 1 ZKHQ 
FRPSDUHG WR JURXSV 2 DQG 3 21 DQG 2 UHVSHFWLYHO\ 
EXW ZLWKRXW VWDWLVWLFDO VLJQL¿FDQFH S  1 3HDUVRQ &KLTXDGUDW 
WHVW 7DEOH ,
7KH UDWH RI 6S' LQ JRRG TXDOLW\ HPEU\RV RQ GD\ 3 ZDV 
QHDUO\ WKH VDPH DV FRPSDUHG WR WKH UHPDLQLQJ HPEU\RV RI QRW 
JRRG TXDOLW\ DQG DPRXQWHG WR  DQG 3 UHVSHFWLYHO\ 
S  3HDUVRQ &KLTXDGUDW WHVW ,Q WRS TXDOLW\ HPEU\RV WKH 
UDWH RI 6S' ZDV WKH KLJKHVW LQ WKH HQWLUH VWXG\ 1 YHUVXV 
 EXW IDLOHG WR UHDFK VWDWLVWLFDO LPSRUWDQFH S 1
7KH PHLRWLF VSLQGOH ORFDOL]DWLRQ LQ UHODWLRQ WR WKH SRODU ERG\ 
ZDV LQ PRVW RRF\WHV YHU\ FORVH IRUPLQJ DW OHVV WKDQ 3 3 LQ 
1 DQG DW OHVV WKDQ o o LQ  oI FDVHV 7KHUH ZHUH 
Qo VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ WKH WKUHH VWXGLHG 
JUoXSV oI ooF\WHV S  3HDUVoQ &KLTXDGUDW WHVW 7DEOH ,, 
DQG Qo UHODWLoQ Wo DJH DQG %0, S  3 S  1 UHVSHFWLYHO\ 
$129$ UDQN .UXVNDO:DOOLV WHVW ZDV oEVHUYHG HLWKHU $OVo 
TXDOL¿FDWLoQ oI HPEU\oV Wo WKH JooG DQG WoS JUoXSV GLG QoW 
FKDQJH WKH UHSoUWHG SDUDPHWHU S 2 S 1 UHVSHFWLYHO\
Discussion
7KH LPSUoYHPHQW oI ooF\WH TXDOLW\ DQG WKH LGHQWL¿FDWLoQ 
oI ooF\WH DQG WKHQ HPEU\oV ZLWK KLJK LPSODQWDWLoQ FoPSHWHQFH 
FoQVWLWXWH WKH JUHDWHVW FKDOOHQJHV oI DVVLVWHG UHSUoGXFWLoQ 2Q 
WKH oWKHU KDQG VLQJOH (7 LV LQFUHDVLQJO\ XVHG Wo DYoLG PXOWLSOH 
SUHJQDQF\ UDWHV 2EVHUYDWLoQDO VWXGLHV KDYH GHPoQVWUDWHG WKH 
VWUDWHJ\ Wo KDYH PLQLPDO LQÀXHQFH oQ WKH oYHUDOO SUHJQDQF\ 
UDWH ZKHQ DSSOLHG LQ ZoPHQ ZLWK JooG SUoJQoVLV >1 11 12@ 
&HOO QXPEHU DQG PoUSKoOoJ\ UHPDLQ Wo EH WKH PoVW ZLGHO\ XVHG 
SDUDPHWHUV IoU HPEU\o VHOHFWLoQ EHIoUH (7 >13 1@
7KH TXDOLW\ oI ooF\WH FDQ GUDVWLFDOO\ DIIHFW WKH $57 
oXWFoPH WKXV =3 DQG 06 YLVXDOL]DWLoQ EHIoUH IHUWLOL]DWLoQ FoXOG 
EH XVHIXO DV SUoJQoVWLF PDUNHUV >2@ =3 VXUUoXQGLQJ WKH ooF\WHV 
EHIoUH IHUWLOL]DWLoQ DFWHG DV D VSHFLDO EDUULHU Wo VSHUP EXW LW FoXOG 
DOOoZ WKH PHUJHU oI WKH ooF\WH DQG D VLQJOH VSHUP Wo EHQH¿W 
IHUWLOL]DWLoQ $IWHUZDUGV LW FKDQJHG LWV oZQ FKHPLFDO VWUXFWXUH 
UDSLGO\ Vo DV Wo SUHYHQW SoO\VSHUP IHUWLOL]DWLoQ =3 FoXOG SUoWHFW 
HDUO\ HPEU\oQLF LQWHJULW\ DQG WUDQVSoUWDWLoQ (QGoPHWULDO O\VLQH 
DQG EODVWoF\VW H[SDQVLoQ FDXVHG ]oQD WKLQQLQJ LQ oUGHU Wo SUHSDUH 
IoU LPSODQWDWLoQ 6oPHWLPHV =3 IDLOHG Wo UXSWXUH ZKLFK ZoXOG 
LQKLELW KDWFKLQJ SHUKDSV FoQVWLWXWLQJ oQH oI WKH PoVW LPSoUWDQW 
IDFWoUV UHVXOWLQJ LQ LPSODQWDWLoQ IDLOXUH >1@ 
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7KHUHIoUH GLIIHUHQW SDUDPHWHUV oI =3 VXFK DV WKLFNQHVV 
YDULDWLoQ ELUHIULQJHQFH ELUHIULQJHQFH XQLIoUPLW\ DQG LQWHQVLW\ 
FoQWLQXH Wo EH H[WHQVLYHO\ VWXGLHG EXW WKH OLWHUDWXUH GDWD DQG WKHLU 
SUHGLFWLYH YDOXH UHPDLQ DPELJXoXV 
,Q oXU VWXG\ LW KDV EHHQ LQGLFDWHG WKDW DXWoPDWLFDOO\ 
HYDOXDWHG =3 DXWoVFoUH LQ PoVW oI WKH VWXGLHG ooF\WHV !  
ZDV YHU\ VWUoQJ DQG DOOoFDWHG LQWo WKH KLJKHVW SoLQW oQ D 3VWHS 
VFDOH $GGLWLoQDOO\ ZH GLG QoW oEVHUYH VWDWLVWLFDOO\ VLJQL¿FDQW 
GLIIHUHQFHV EHWZHHQ WKH VWXGLHG JUoXSV 
$VVXPLQJ WKDW JUoXSV 1 DQG 2 LH VHOHFWHG IoU WUDQVIHU 
HVSHFLDOO\ JUoXS 1 LQFOXGHG WKH EHVW TXDOLW\ HPEU\oV ZH SoVWXODWH 
WKDW DXWoPDWLFDOO\ VHW DXWoVFoUH oI =3 LV QoW D SUHGLFWLYH IDFWoU oI 
HPEU\o TXDOLW\ DQG ,9) oXWFoPH LQ FOLQLFDO SUDFWLFH (YHQ PoUH 
WKDW WKH FoPSDULVoQ oI DXWoVFoUH GHWHFWHG LQ WKH EHVW TXDOLW\ 
HPEU\oV ZLWK WKH UHPDLQLQJ HPEU\oV oQ GD\ 3 DOVo UHYHDOHG Qo 
VLJQL¿FDQW GLIIHUHQFHV 6XUSULVLQJO\ WKH EHVW HPEU\oV FODVVL¿HG 
DV JooG DQG WoS oQ GD\ 3 IoUPHG IUoP 0,, ooF\WHV ZLWK D PXFK 
OoZHU VWDWLVWLFDOO\ VLJQL¿FDQW =3 VFoUHV ,Q DGGLWLoQ QXPHULFDOO\ 
GH¿QHG =3 ELUHIULQJHQFH VFoUH VKoZHG WKH KLJKHVW YDOXH EoWK 
SUHVHQWHG DV WKH PHGLDQ DQG DV WKH PHDQ LQ WKH JUoXS oI HPEU\oV 
QoW VHOHFWHG IoU WUDQVIHU +oZHYHU WKHUH ZDV Qo VWDWLVWLFDO 
VLJQL¿FDQFH oI WKLV GLIIHUHQFH 7KDW PD\ KDYH EHHQ FDXVHG E\ 
VLJQL¿FDQWO\ GLIIHUHQW QXPEHUV oI HPEU\oV EHWZHHQ JUoXSV 1 DQG 
2 VHOHFWHG IoU WUDQVIHU DV FoPSDUHG ZLWK WKH QoQVHOHFWHG JUoXS 
2ZLQJ Wo WKH QDWXUH oI ,9)(7 WUHDWPHQW PHWKoGV DYoLGDQFH oI 
WKDW GLIIHUHQFH LV LQ IDFW QoW SoVVLEOH +oZHYHU LW PD\ VXJJHVW DQ 
LQYHUVH UHODWLoQVKLS EHWZHHQ 0,, ooF\WH =3 VFoUH DQG WKH TXDOLW\ 
oI WKH UHVXOWLQJ HPEU\o
$ VOLJKWO\ GLIIHUHQW VLWXDWLoQ oFFXUUHG EXW WKH GLUHFWLoQ oI 
WKH FKDQJH ZDV VLPLODU ZKHQ WKH VWDWH oI =3 ELUHIULQJHQFH ZDV 
GHWHUPLQHG oQ D OHYHO VFDOH PoUH FoPSOH[ DQG GHWDLOHG =3 
WKLFNQHVV FoQWLQXoXV JOoZLQJ XQLIoUPLW\ oI ELUHIULQJHQFH DFUoVV 
Table  I I .   Meiotic spindle position in relation to the polar body (in %), a 4-step scale as follows:
 step 1. An oocyte with a spindle forming at less than 30° (<30°) to the polar body.
 step 2. An oocyte with a spindle forming at 30°-45° (30°≤ <45°) to the polar body.
 step 3. An oocyte with a spindle forming at 45°-120° (45°≤ ≤120°) to the polar body.
 step 4. An oocyte with a spindle forming at more than 120° (120°<) to the polar body in the three studied groups of oocytes p=0.91.
MS position in relation to the polar body
Total





































Table  I I I .  Zona pellucida birefringence in a 4-step clinical expanded scale (details in Figure 4.) in the three studied groups of oocytes p=0.02.
ZP birefringence on a 4-step scale
Total





































Table  IV.  Zona pellucida birefringence autoscoring (OCTAX PolarAIDE system) on a 3-step scale, points 00,10,20, (details in Figure 2.) in the three studied groups of oocytes 
p=0,50
ZP auto score on a 3-step scale
Total
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WKH HQWLUH OD\HU DQG LQWHQVLW\ 5HJDUGOHVV =3 ELUHIULQJHQFH ZDV 
VWUoQJ LQ WKH DOO VWXGLHG JUoXSV oI ooF\WHV DW OHDVW  oI WKH 
ooF\WHV ZHUH GHHPHG HOLJLEOH IoU VWHSV 2 DQG 3 oQ WKH OHYHO 
VFDOH DQG OooNHG LQ GHWDLO DV IoOOoZV LQ WKH JUoXS VHOHFWHG 
IoU WUDQVIHU DQG UHVXOWLQJ LQ D SoVLWLYH SUHJQDQF\ WHVW   LQ 
JUoXSV 2 DQG 3  ! 2Q WKH oWKHU KDQG LW LV FOHDU WKDW DEoXW 
 oI WKH ooF\WHV LQ JUoXS 1 oZQHG =3 ZLWK SooU ELUHIULQJHQFH 
$OVo DPoQJ WKH EHVW HPEU\oV oQ GD\ 3 DOPoVW KDOI KDG =3 
ELUHIULQJHQFH FODVVL¿HG DV OoZ 8QGoXEWHGO\ WKDW IDFW GLG QoW 
DGYHUVHO\ DIIHFW WKH ¿QDO oXWFoPH LH D SoVLWLYH SUHJQDQF\ WHVW 
)LQDOO\ oXU ¿QGLQJV DUH DW oGGV ZLWK PoVW oI WKH OLWHUDWXUH 
GDWD UHSoUWLQJ WKDW KLJKHU ]oQD SHOOXFLGD ELUHIULQJHQFH LV D 
SoVLWLYH SUHGLFWoU oI ooF\WH DQG HPEU\o TXDOLW\ UHVXOWLQJ LQ 
KLJKHU UDWH oI FoQFHSWLoQ >3   1@
=3 WKLFNQHVV ZDV WKH ODVW SDUDPHWHU Wo EH H[DPLQHG LQ oXU 
ZoUN %HWUDQG GHPoQVWUDWHG WKDW =3 WKLFNQHVV VWUoQJO\ LQÀXHQFHG 
in vitro IHUWLOL]DWLoQ oI KXPDQ ooF\WH DV WKH WKLFNQHVV ZDV 
GLIIHUHQW LQ IHUWLOL]HG DQG QoQIHUWLOL]HG ooF\WHV >1@ -LPHQH] 
UHSoUWHG WKDW IHUWLOL]DWLoQIDLOHG ooF\WHV KDYH WKLFNHU =3 WKDQ 
HPEU\oV >13@ 
,Q oXU VWXG\ ZH GLG QoW ¿QG DQ\ VLJQL¿FDQW GLIIHUHQFHV LQ 
=3 WKLFNQHVV EHWZHHQ WKH JUoXSV oI ooF\WHV ZLWK KLJK DQG OoZ 
FOHDYDJH DQG IoOOoZLQJ LPSODQWDWLoQ SoWHQWLDO 2XU ¿QGLQJV 
FoQVLVWHQW ZLWK 6XQ +DJHPDQQ /DQH H[FOXGHG WKH SUoJQoVWLF 
YDOXH oI ooF\WH =3 WKLFNQHVV LQ DVVHVVLQJ WKH TXDOLW\ oI HPEU\o 
>1 1 1 2@ 2Q WKH oWKHU KDQG 6XQ VXJJHVWHG WKDW HPEU\o =3 
WKLFNQHVV YDULDWLoQ DV SUHOXGH Wo EODVWoF\VWV KDWFKLQJ FoXOG EH 
oI VoPH SUDFWLFDO SUHGLFWLYH YDOXH >13@ 
,Q PHWDSKDVH ,, XQIHUWLOL]HG ooF\WH 06 LV FUXFLDO IoU 
QoUPDO FKUoPoVoPH DOLJQPHQW DQG VHSDUDWLoQ oI WKH PDWHUQDO 
FKUoPoVoPHV GXULQJ PHLoVLV >21 22@ 'LVUXSWLoQ oI WKH 06 
UHVXOWV LQ UHDUUDQJHPHQW oU VFDWWHU oI FKUoPoVoPHV DQG PD\ 
 




Figure 2. Autoscoring (OCTAX PolarAIDE system) on a 3-step scale, points. A – step 0°, B – step 1°, C – step 2°.
A B C
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FoQWULEXWH Wo DQHXSOoLG\ DIWHU IHUWLOL]DWLoQ >23 2 2 2 2 
2@ $QHXSOoLG\ LV oQH oI WKH PoVW FoPPoQ FDXVHV oI DEQoUPDO 
IHUWLOL]DWLoQ LQ KXPDQV >2 3@ 
,Q oXU ZoUN 06 ZDV YLVXDOL]HG LQ PoUH WKDQ  oI WKH 
VWXGLHG ooF\WHV 1 7KLV LV FoQVLVWHQW ZLWK oWKHU GDWD 
IUoP WKH OLWHUDWXUH ZKHUH WKH DXWKoUV UHSoUWHG SoVLWLYH UHVXOW 
DV IoOOoZV :DQJ LQ 1 .LODQL LQ  %UDJD LQ 3 DQG 
0DGDVFKL LQ 2 >2  1 31@ 
7KH UHODWLoQVKLS EHWZHHQ WKH oFFXUUHQFH oI YLVLEOH 06 
IHUWLOL]DWLoQ UDWH PoUSKoOoJ\ oI SUoQXFOHL DQG WKH ¿QDO 
FOLQLFDO oXWFoPH LQ ,9)(7 WUHDWPHQW DUH VWLOO LQFoQFOXVLYH DQG 
FoQWLQXoXVO\ XQGHU GHEDWH
Conclusion
,Q oXU VWXG\ VSLQGOH SoVLWLYH VXEFDWHJoU\ LQ WKH JUoXS 
ZKHUH SUHJQDQF\ ZDV DFKLHYHG ZDV VLJQL¿FDQWO\ KLJKHU WKDQ 
LQ WKH UHPDLQLQJ oQHV DOWKoXJK ZLWKoXW VWDWLVWLFDOO\ VLJQL¿FDQW 
GLIIHUHQFH :H GLG QoW oEVHUYH PHDQLQJIXO VWDWLVWLFDOO\ VLJQL¿FDQW 
GLIIHUHQFHV LQ WKH 06 OoFDOL]DWLoQ ZLWK UHVSHFW Wo WKH 3% 
3UoEDEO\ LW ZLOO EH SoVVLEOH Wo WUHDW WKH ELUHIULQJHQW VSLQGOH 
DV D SUHGLFWoU oI HPEU\o FDSDFLW\ DQG TXDOLW\ DIWHU SHUIoUPLQJ 
H[WHQGHG WHVWV 2QH WKLQJ UHPDLQV XQTXHVWLoQDEOH 06 
YLVXDOL]DWLoQ GXULQJ WKH ,&6, SUoFHVV DOOoZV Wo DYoLG GDPDJH Wo 
WKH JHQHWLF PDWHULDO oI WKH ooF\WH DQG LV DOZD\V GHVLUDEOH GXULQJ 
WKH SUoFHGXUH 
 
Figure 3. Meiotic spindle visualization or lack of visualization, two group were established:  
A –  spindle detected (SpD subgroup) and B – spindle non-detected (SpND subgroup).
A B
 
Figure 4. Visualized meiotic spindle localization in relation to the polar body on a 4-step scale.  
A – step 1. An oocyte with a spindle forming at less than 30° (<30°) to the polar body. B –  step 2. An oocyte with a spindle forming at 30°-45° (30°≤ <45°) to the polar body. 
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Figure 5. Zona pellucida birefringence numeral autoscore (OCTAX PolarAIDE 
system) in the three studied groups of oocytes p=0.09 
 
Figure 6. Zona pellucida thickness (OCTAX PolarAIDE system) in the three studied 
groups of oocytes p=0.66 
